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(54) Title: DISPLACEMENT SYSTEM FOR CONTROLLED INFUSION OF A UQUID 
(57) Abstract 

In a displacement system for contrc^ed infusion of a liquid from a cartridge 
comprising a tubular vessel (1), which is at a rear end closed by a piston (3) which may 
be forced by a piston rod (8) moving into the vessel (1) in the axial direction thereof to 
press out the liquid through an outlet (2) arranged at a front end of the vessel (1), the 
piston rod (8) is provided as a flexible incompressible ccHtstruction which is by a piston 
rod guide (9) behind the rear end of the cartridge deflected away from the axis of this 
cartridge, preferably 180°. The piston rod guide (9) has a guiding track comprising a 
curved part and linear parts at each end of the curved part ensuring that the piston rod 
is guided along a length (a) in the directioD of the axis of the cartridge which length (a) 
is longer than the distance (b) between the two axes of the piston rod parts projecting 
from the piston rod guide. The guiding track is furtho' elaborated to the very shape 
which the curved part of the piston cod will spontaneously adopt when its end portions 
are kept patalleL 
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Displacement system for controlled infusion of a liquid. 

The invention relates to displacement systems for controlled 
infusion of a liquid from a cartridge of the kind comprising a 
tubular vessel, which is at a rear end closed by a piston which 
5 may be forced by a piston rod into the tube to press out the 
liquid through an outlet arranged at a front end of the tube. 

Designated as pumps such displacement systems are used for 
therapeutic infusion of medicine, e.g insulin for diabetics to 
whom the natural production of insulin is simulated in this 
10 way. 

A commonly used pump structure comprises a housing with a 
cavity accommodating an infusion syringe cartridge having a 
piston and a piston rod by which the piston may be forced into 
the cartridge to press out the medicament in the cartridge 

15 through an outlet at the end of the cartridge opposite the 
piston. Such infusion pumps, which are based on the technique 
known from syringes by which the dosage can be adjusted with 
very close accuracy, has many advantages. They are simple in 
their construction and a precise indication of the medicine 

20 left in the cartridge may currently be obtained by monitoring 
the position of the piston in the cartridge, and in the same 
way the amount infused can be very precise controlled by 
controlling the distance of movement of the piston in the 
cartridge. 

25 A heavy drawback by the pumps of the cartridge and piston type 
is the fact that at least one of the dimensions of the pump 
• have to be at least more than two times the overall stroke of 

the piston in the cartridge as the cartridge has to be at least 
a little longer than this stroke and as space must be reserved 

30 for the piston rod behind the cartridge when the piston in a 
new cartridge is in its rearmost position. Thereby a limit is 
set for the extent of the miniaturization which is aimed at to 
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make it as comfortable as possible to carry the pump during the 
activities of a day. 

Consequently it is an object of the invention to provide a 
displacement system of the cartridge/piston type wherein this 
5 drawback is avoided. 

This is obtained by a displacement system of the kind mentioned 
in the ingress of this specification and which system is 
according to the invention characterized in that the piston rod 
is provided as a flexible incompressible construction and at a 
10 position behind the rear end of the cartridge is deflected away 
from the axis of the cartridge. 

The deflection of the piston rod away from the axis of the 
cartridge may be obtained by a piston rod guide being provided 
behind the rear end of the cartridge. The piston rod guide 
15 governs the deflection of the piston rod so that this rod will 
only be deflected in the way determined by the guide. 

Preferably the piston rod is deflected 180** so that it forms 
two parallel straight portions extending from the piston rod 
guide. 

20 To ensure that the necessary deflecting forces on the piston 
rod are exerted by the guide alone so that the straight 
portions projecting from the guide are parallel without any 
need for deflecting forces on these projecting portion, the 
piston rod guide has a guide track having an upper curved part 

25 and a lover linear part at each end of the curved part and 
having a length in the direction of the projecting parallel 
portions, which length taken from the ends of the guide track 
from which these portions projects to the centre of the piston 
rod at the top of the curved part is equal to or larger than 

30 the distance between the axes of the projecting parallel 
portions. 
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It is also important that the piston rod is abutting the curved 
guiding surface all the way so that the spring effect of the 
piston rod does not cause any slack in the guiding as such a 
slack may result in an imprecise dose. This continuous abutment 
5 is obtained by elaborating the curved part of the guide in 
accordance with the shape which the curved part of the piston 
rod will spontaneously adopt when its end portions are kept 
parallel. 

The piston rod may be made flexible in several ways. By being 
10 a flexible band stiffened by having an arcuate cross section 
the piston rod has one preferred mode of deflection as it will 
tend to deflect towards the concave side of the arcuate cross 
section. A special stiff piston rod may be obtained when two of 
the mentioned bands are combined with their convex sides 
15 abutting each other over the distance between the piston and 
the point of deflexion. When the piston rod is deflected, the 
two bands are deflected in different directions away from each 
other as each band is deflected toward the concave side of its 
cross section. The piston rod guide must be accordingly 
20 designed to ensure this splitting of the flexible piston rod. 

Alternatively the piston rod may be a flexible helix with 
narrowly adjacent turns of windings. This piston rod has no 
preferred mode of deflection and may be guided in any direction 
by the piston rod guide. 

25 From SE 449 776 is known a device in which a piston is moved by 
transmitting a pulling or pressing force through a flexible 
helix. During the working function of the device the provided 
flexible piston rod is used for exerting a pulling force on a 
piston to very slowly suck a fluid, preferably air, into a 

30 cylinder ampoule to obtain a sample representative of the 
ambient air over a time. The 'piston rod may further be used for 
pressing the sample out of the cylinder ampoule. It is 
mentioned that the wire used and the helix must be so 
dimensioned that the straight portion of the piston rod does 
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not bend out when transmitting a pressing force through this 
portion and so that the windings are not pulled apart to leave 
lasting deformation of the helix when a pulling force is 
transmitted. 

5 When the piston rod according to the invention is a flexible 
helix, care must be taken to ensure that the helix is so 
dimensioned that it may transmit an axial pressing force 
without being compressed and without bending out as any bending 
out means imprecise dosage. This is avoided by keeping the 
10 coiling ratio, i.e. the ratio between the outer diameter of the 
helix minus the diameter of the wire and the diameter of the 
wire from which the helix is wound, within certain limits. 

Also the initial tension, which keeps the windings of the helix 
abutting each other even when a pulling force is transmitted by 
15 the helix, is of importance to the compressibility of the 
helix. The larger the initial tension the smaller the tendency 
for one winding to slip on the adjacent winding to start a 
bending out. Consequently the initial tension should be 
maximised. 

20 As the pulling of the piston rod only serves the retraction of 
the piston rod to its initial position when a new cylinder 
ampoule is inserted, no heavy pulling force is transmitted and 
the demands to the precise transmission are low, but the 
transmission of pressing forces have to be very precise and no 

25 compression or bending out of the piston rod can be tolerated. 

These problems are all overcome by a piston rod wound as a 
helix with a coiling ratio r^^,. = —AftUjL " JLom- < 5.0 
30 where d^^y^^^ is the outer diameter of the wound helix, and d^^^^.^ is 
the diameter of the wire. 

Preferably r^^^^ is kept < 4,5, more preferably < 4,0, and most 
preferably < 3,5. 


wo 95/09021 


PCT/DK94/00361 


5 

Further the piston rod may be a series of interconnected chain 
links. Such a rod may have a preferred mode of deflection or 
may be freely deflected in any direction, all depending on the 
construction and the interconnection of the chain links. 

5 When the piston rod is a flexible band this band may be cogged 
along one or both of its sides to provide a rack which may be 
engaged by a driving pinion to move the piston rod and 
consequently the piston into the vessel to press out an amount 
of the medicine in the cartridge. 

10 When the piston rod is provided as a narrowly wound helix the 
windings of this helix may present an external thread, which 
may be engaged by an internally threaded nut element which will 
drive the piston rod into the cartridge when this nut element 
is rotated and is not axial displaceable in the housing 

15 accommodating the cartridge, the piston rod guide, and a drive 
mechanism. 

A piston rod constructed from interconnected chain links may be 
driven by either of the mentioned ways as each chain link may 
be provided by either a part of an external thread or with 
20 teeth making it a part of a rack. 

The driving force is preferably transmitted to the piston rod 
at a linear part thereof as the pitch of the rack or the thread 
are only unambiguously defined at such linear parts. 

Preferably the driving force is transmitted to the piston rod 
25 immediately behind the cartridge at a position between the 
cartridge and the piston rod guide. Thereby transmission 
through the non-linear part of the piston rod is avoided. 

Alternatively a driving force may applied by an advancing 
mechanism at the free end of the piston rod exerting a pressing 
30 force in the axial direction of this free end. Thereby 
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inaccuracies caused by possible compressions in the piston rod 
are eliminated. 

In the following the invention is described in further details 
with references to the drawing, wherein 

5 Figure 1 schematically shows a known displacement system, 

Figure 2 schematically shows a displacement system having a 
deflectable piston rod. 

Figure 1 shows schematically a displacement system of the 

10 conventional known kind. A cartridge 1 is at one end closed by 
a closure enabling the mounting of a catheter 2 communicating 
with a liquid medicine in the cartridge. At its other end the 
cartridge is closed by a piston 3 which by a piston rod 4 may 
be pressed into the cartridge to press out the liquid medicine 

15 through the catheter 2. The pressure advancing the piston 3 in 
the cartridge 1 is transmitted to the end of the piston rod 
through a presser foot 5 which is advanced by a threaded drive 
spindle by having a bore with an internal thread engaging the 
thread of the drive spindle 6, which spindle as shown by the 

20 arcuate arrow 7 is rotated by a not shown drive mechanism 
controlling the rate at which the medicine is pressed out 
through the catheter. The Cartridge 1 and the drive spindle 6 
are mounted in a not show housing so that the may not be 
displaced in relation to each other. The presser foot 5 may 

25 abut the end of the piston rod 4 or it may be secured to this 
end. 

A displacement system according to the invention is shown in 
figure 2. This system comprises to some extent the same 
elements as do the system shown in figure 1 and these elements 
30 are numbered as the corresponding elements in figure 1. 
However, a flexible piston rod 8 replaces the conventional 
stiff piston 4 rod of figure 1. Further a piston rod guide 9 
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is provided which guide deflects the piston rod 8 immediately 
outside the open end of the cartridge 1. 

In the embodiment shown in figure 2 the piston rod 8 is 
deflected 180 so that the outer end of this flexible rod 8 runs 
5 parallel with the cartridge whereby the overall length of the 
device may be reduced to correspond to about the length of the 
cartridge and the deflecting piston rod guide 9. 

The piston rod guide 9 is equipped with a guiding track 
conforming the outer contour of the bended or deflected piston 
10 rod 8 so that the deflection is guided and no bending of the 
rod 8 is possible except for the deflection defined by the 
guide 9 • 

The guiding track is guiding the piston rod over a length "a" 
which in the axial direction of the parallel ends of the rod 8 

15 is as long as or longer than the distance "b" between the two 
axes of the parallel straight portions of the piston rod 8 
projecting from the piston rod guide 9. Each end of the guiding 
track are linear along a distance "d" whereby it is ensured 
that no deflecting forces have to be exerted on the piston rod 

20 8 outside the piston rod guide 9. 

In the embodiment shown in figure 2 the driving force is 
exerted on the outer end of the deflected piston rod 8. The 
force is exerted in the axial direction of said outer end and 
due to the rod 8 being incompressible and the guide guiding the 

25 rod conforming with the profile of the flexible rod, the piston 
rod is displaced along its own axis round through the bending 
• provided by the guide 9 to drive the piston 3 into the 

cartridge 1. The drive mechanism comprising a presser foot 5 
acting on the free end of the piston rod 8 and a threaded 

30 spindle 6 engaging an internal thread in a bore in the presser 
foot 5 may be of any known type providing a rotation in the 
direction indicated by the arcuate arrow 7. 
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The flexible piston rod may be advanced by other mechanisms and 
the driving force may be transmitted to the flexible rod 
anywhere along its length without deviating from the scope of 
the invention. 
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Claims 

1. A displacement system for controlled infusion of a liquid 
from a cartridge comprising a tubular vessel, which is at a 
rear end closed by a piston which may be forced by a piston rod 

5 moving into the vessel in the axial direction thereof to press 
out the liquid through an outlet arranged at a front end of the 
vessel, characterized in that the piston rod is provided as a 
flexible incompressible construction and at a position behind 
the rear end of the cartridge is deflected away from the axis 
10 of this cartridge. 

2. A displacement system according, to claim 1, characterized 
in that a piston rod guide is provided behind the rear end of 
the cartridge. 

3. A displacement system according to claim 2, characterized 
15 in, that the piston rod guid^ defects the piston rod 180*" so 

that parallel portions of the piston rod projects at one side 
at the piston rod guide. 

4. A displacement system according to claim 3, characterized 
in that the piston rod guide has a guide track having an upper 

20 curved part and a lover linear part at each end of the curved 
part and having a length in the direction of the projecting 
parallel portions, which length taken from the side of the 
piston rod guide from which these portions projects to the 
centre of the piston rod at the top of the curved part is equal 

25 to or larger than the distance between the axes of the two 
extending parallel portions. 

5. A displacement system according to claim 4, characterized 
in that the curved part of the guiding track is elaborated in 
accordance with the shape the curved part of the piston rod 

30 will spontaneously adopt when its end portions are kept 
parallel. 


wo 95/09021 


PCT/DK94/00361 


10 

6. A displacement system according to claim 1 or 2, 
characterized in that the piston rod is a flexible band 
stiffened by having a arcuate cross section providing the band 
with a convex and a concave surface • 

5 7. A displacement system according to claim 1 or 2 
characterized in that the piston rod comprises two flexible 
bands having arcuate cross sections and being so positioned 
that the band lies with their convex surfaces adjacent to each 
other between the piston and the point of deflexion. 

10 8. A displacement system according to claim 1 or 2, 
characterized in that the piston rod is formed by a flexible 
helix with narrowly adjacent turns of windings. 

9. A displacement system according to claim 8, characterized 
15 in that 

the coiling ratio r^^.^ = -J^heUx-JlJLij:©-- < 5.0 

^wire 

Where d^^^^^ is the outer diameter of the wound helix, and d^i^^ is 
20 the diameter of the wire. 

10. A displacement system according to claim 9, characterized 
in that r^^^^< 4,5 more preferably <. 4.0 and most preferably < 
3,5. 

11. A displacement system according to claim 1, 2 or 3, 
25 characterized in that the piston rod is formed by a series of 

chain links. 

12. A displacement system according to claim 6 or 7, 
characterized in that the one or both side edges of the bands 

30 are cogged. 

13. A displacement system according to claims 8, 9 or 10 
characterized in that the windings of the helix provides an 
external thread. 
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14. A displacement system according to claim 11, characterized 
in that the chain links are provided with a cogging. 

15. A displacement system according to claim 11, characterized 
in that the chain links are provided with an external thread. 

5 16. A displacement system according to claim 12 or 14, 
characterized in that a piston rod drive is provided 
transmitting a drive force to the piston rod through a pinion 
engaging the cogging of the piston rod . 

17. A displacement system according to claim 13 or 15, 
10 characterized in that a piston rod drive is provided 

transmitting a drive force to the piston rod through a nut 
element having an internal thread engaging the external thread 
of the piston rod. 

18. A displacement system according to claim 16 or 17 
15 characterised in that the driving force is transmitted to the 

piston rod at a linear part of this rod. 

19. A displacement system according to claim 18, characterized 
in that the driving force is transmitted to the piston rod at 
the part thereof lying between the rear end of the cartridge 

20 and the piston rod guide. 

20. A displacement system according any of the claims 1-11 
characterized in that a driving force is exerted on the free, 
deflected end of the piston rod in the axial direction of this 
free, deflected end. 
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